WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


($1) Internatioiial Patent Classification ^ : 
A61L 27/00, 15/28 


Al 


(11) International Publication Number: WO 96/33750 

(43) International Publication Date: 31 October 1996 (31.10.96) 


(21) International Application Number: PCT/EP96/01734 

(22) International Filing Date: 25 April 1996 (25.04.96) 


(30) Priority Data: 

PD95A000083 


27 April 1995 (27.04.95) 


IT 


(71) Applicant ijor all designated States except US): FIDIA AD- 

VANCED BIOPOLYMERS S.R.L. [IT/IT]; Via dc' Car- 
penticri, 3, 1-72100 Brindisi (IT). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): SORANZO, Carlo [IT/IT]; 
Via Tolmino, 6, 1-35135 Padova (IT). ABATANGELO, 
Giovanni [IT/IT]; Via Pclosa, 32, 1-35050 Saccolongo (IT), 
CALLEGARO, Lanfranco [TT/IT]; Via Monte Grappa, 6, I- 
36016 Thiene (IT). 

(74) Agent: GERVASI, Gemma; Notarbartolo & Gervasi. Viale 
Bianca Maria, 33, 1-20122 Milan (IT). 


(81) Designated States: AL, AM, AU, AZ, BB, BG, BR, BY, CA 
CN, CZ, EE, GE, HU, IS, JP, KE, KG, iCP, KR, KZ, LK, 
LR, LS, LT, LV, MD, MG, MK, MN, MW, MX, NO, NZ, 
PL, RO, RU, SD, SG, SI, SK, TJ, TM, TR, TT, UA, UG, 
US, UZ, VN, ARIPO patent (KE, LS, MW, SD, SZ, UG), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, DE, DK, ES, FI, FR, GB, 
GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ 
CF, CG, CI, CM, GA, GN, ML, MR. NE, SN, TD, TG). 


Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 


(54) Title: ARTIFICIAL SKIN CONTAINING AS SUPPORT BIOCOMPATIBLE MATERIALS BASED ON HYALURONIC ACID 
DERIVATIVES 


(57) Abstract 


Artificial human skin comprising: a) microperforatcd membrane based on a hyaluronic acid derivative, on which keratinocytes have 
been seeded and cultured, b) an underlying non-woven tissue based on a hyaluronic acid derivative wherein fibroblasts have been seeded 
and left to proliferate. The artificial human skin according to the present invention can be therefore advantageously used in medicine, in 
surgery, in diagnostics and as a vehicle for preparing a controlled release medicament. Lastly, this artificial human skin can be frozen to 
-80 **C or placed in liquid nitrogen and stored, so that a tissue bank can be created. 


FOR THE PURPOSES OF INFORMATION ONLY 


Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 


AM 

Armenia 

GB 

United Kingdom 

MW 

Malawi 

AT 

Austria 

GE 

Georgia 

MX 

Mexico 

AU 

Australia 

GN 

Guinea 

NE 

Niger 

BB 

Barbados 

GR 

Greece 

NL 

Netherlands 

BE 

Belgium 

HI) 

Hungary 

NO 

Norway 

BF 

Burkina Paso 

IE 

Ireland 

NZ 

New Zealand 

EG 

Bulgaria 

IT 

Italy 

PL 

Poland 

BJ 

Benin 

JP 

Japan 

PT 

Portugal 

BR 

Brazil 

KE 

Kenya 

RO 

Romania 

BV 

Belarus 

KG 

Kyrgystan 

RU 

Russian Federation 

CA 

Canada 

KP 

Democr^ic People's Republic 

SD 

Sudan 

CF 

Central African Republic 


of Korea 

SE 

Sweden 

CG 

Congo 

KR 

Republic of Korea 

SG 

Singapore 

CH 

Switzerland 

KZ 

Kazakhstan 

SI 

Slovenia 

CI 

COie d*Ivoirc 

LI 

Liechtenstein 

SK 

Slovakia 

CM 

Cameroon 

LK 

Sri Lanka 

SN 

Senegal 

CN 

China 

LR 

Liberia 

SZ 

Swaziland 

CS 

Czechoslovakia 

LT 

Lithuania 

TD 

Chad 

CZ 

Czech Republic 

LU 

Luxembourg 

TG 

Togo 

DE 

Germany 

LV 

Latvia 

TJ 

Tajikistan 

DK 

Denmark 

MC 

Monaco 

TT 

Trinidad and Tobago 

EE 

Estonia 

MD 

Republic of Moldova 

UA 

Ukraine 

ES 

Spain 

MG 

Madagascar 

UG 

Uganda 

FI 

Finland 

ML 

Mali 

US 

United States of America 

FR 

France 

MN 

Mongolia 

UZ 

Uzbekistan 

GA 

Gabon 

MR 

Mauritania 

VN 

Viet Nam 


wo 96/33750 


PCT/EP96/01734 


- 1 - 

ARTIFICIAL SKIN CONTAINING AS SUPPORT BIOCOMPATIBLE MATERIALS BASED 

ON HYALURONIC ACID DERIVATIVES 

FIELD OF TOE INVENTION 

The present invention relates to: 
5 - an artificial human skin constituted by a completely 
differentiated epidermis and dermal appendage t and containing as 
the support two biocompatible materials based on hyaluronic acid 
(HA) derivatives 

the processes for preparing this artificial human skin, 
10 - the use of this artificial skin in medicine and in surgery, as a 
diagnostic device, and as vehicling agent for preparing 
controlled release medicament. 
BACKGROUND OF THE INVENTION 

Skin loss due to trauma or disease is usually treated by the autograft 
15 technique, that is, by substituting the missing skin with pieces taken 
from donor areas of the same patient. An important step forward in the 
treatment of such lesions by reconstructive surgery is represented by 
in vitTo cultures of keratinocytes (kc) (J. Rheinwald and H. Green, 
Cell, 6:331, 1975). whereby said cultures are allowed to expand in 
20 vitro ^ and membranes of epidermal cells are obtained which are 
potentially useful to cover skin wounds. This technique has been 
widely used in clinical practice, mainly for burn patients (G- G. 
Gallico et al., M. Engl. J. Med., 311-^48, 1984), but problems arose 
right from the start, such as the difficulty for such grafts to take, 
25 the fragility of the epithelial sheets and consequent difficulty for 
the surgeon to handle them. 
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A different approach was adopted by Yannas et al. (Science. 215:17^. 
1982) , who used resorbable porous materials constituted by 
coprecipitates of collagen and glycosaminoglycans (GAG) , particularly 
chondroitin-6-sulphate, covered by a thin film of silicon membrane. 
5 The characteristic of such materials is that they present randomly 
formed, intercommunicating pores, rather like a sponge. 
S. Boyce and J. Hansbrough (Surgery, 103-421, I988) described growing 
kc on the surface of membranes made of collagen and GAG, reducing the 
surface porosity of the material. In order to limit the development of 
10 epidermal culture on the membrane surface, an additional, non-porous 
layer was inserted. 

Skin graft technology must take into consideration the interaction 
between kc, the basal membrane and the underlying dermis. Nowadays it 
is generally thought that in the case of full-thickness lesions, 
15 autografts can be notably facilitated by placing a dermal bed in the 
wound xmderneath the epithelial layer. 

The basal kc thus lie on a more physiological substrate and can 
develop a basal membrane and dermal-epidermal linking structures, 
capable of lending the necessary resistance to the graft* 

20 Recent clinical studies have suggested that Cuono's method (Langdon et 
al. J. Invest. Dermatol. 91 5= ^78, 1988), whereby a "full -thickness" 
wound is treated with an allograft from the skin of a cadaver, gives 
better results in terms of the percentage of graft which takes and 
general quality of the skin on healing. 

25 However, grafts are difficult to obtain, expensive to store and are 
potential carriers of pathogenic viruses. 

There is clearly a need for new, biodegradable, artificial skin 
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substitutes which do not have these drawbacks, and satisfy the 
following requirements: 

1) their surfaces must allow for adhesion and cell growth; 

2) neither the polymers themselves, nor their degradation products 
5 should cause inflammation or toxic phenomena when implanted in vivo; 

3) the product should be perfectly reproducible in its three 
dimensions ; 

^) its ideal porosity is 50%, which gives a large surface area for 
cell-polymer interactions, sufficient volume for the deposit of 
10 extracellular matrix and only slight, or no, migrational impediments 
during in vitro culture. 

5) the supporting polymer should be absorbed once the regenerated 
tissue no longer requires it. Indeed, foreign bodies in vivo represent 
a high risk of infection and/or inflammation. 

15 Indeed, the products already on the market or being developed present 
certain drawbacks: their degradation is uncontrollable and interferes 
with the wound healing process, thus favouring inflammation. Moreover, 
these substitutes require the epithelial cells to be thickly seeded on 
the support and left to proliferate for a long time. 

20 Some examples of the products known to date and generally recommended 
for use in treatment of severe bums are: 


human fibroblasts are cultivated on a spongy, resorbable material 
constituted by polylactic, polyglycol or polygalac toside acid. 
25 Autologous kc are seeded onto these materials; 

2) GraftSkir^ produced by Organogenesis Inc. (Boston, USA), wherein 
heterologous human fibroblasts are cultivated on a collagen based 


1) 



developed by ATS (California) , wherein heterologous 
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substrate; 

3) AlloDen^S) produced by Life Cell Corp. (Texas, USA) and based on 
human or pigs' skin, wherein the basal membrane and dermal matrix 
remain intact. The tissue is stored at a low temperature (-80'C) until 
5 ready to be used, when it is seeded with autologous fibroblasts and kc 
and then grafted into the patient. 

However, these, and other products do not allow the in vitro 

reconstruction of a perfectly functional dermoepidermal junction. 

The use of hyaluronic acid (HA) derivatives has also been described 

10 (EPA. 0216^53) for the preparation of suitable products, particularly 
membranes to support human kc growth (EPA 0462426) and non-woven 
tissues (WO 93/11803), Abatangelo et al . (Wound Repair and 
Regeneration, January-March, p. 80, 1995) reported the use of nonwoven 
tissue to support mixed cultures of human kc/f ibroblasts . Even so, the 

15 epithelial layer was not homogeneous because of the kc which seeded in 
the gaps in the non-woven tissue, thus giving it an uneven thickness. 
Degradation of the polymers considered here mainly produces hyaluronic 
acid (HA) , which is a normal constituent of the extracellular matrix 
and therefore has the advantage of being metabolized by normal cell 

20 mechanisms . 

The chemical modifications allow the product to remain at the site of 
the graft for far longer than is possible with the natural polymer, 
and the receptor interactions are maintained throughout that time. In 
this regard, it must be remembered that the main receptor for HA, 
25 known as CD44 , is normally expressed in the epithelial tissues, 
particularly in the basal and spinous layers of the epidermis, while 
expression of the protein gradually decreases in the upper layers 
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xantil it disappears in the completely differentiated kc (Carter et 
al., J, Cell Biol, 113207, 1991). Moreover, the role of CDk^ in HA's 
degradation mechanism is well documented (Culty et al- J. Cell. Biol. 
111:2765. 1990; Underhill, Dev. Biol. 155:324, 1993)- 

The purpose of the present invention is an artificial human skin 
simulating both the epidermal and dermal layer of the natural one, 
wherein both fibroblasts and keratinocytes (kc) are present, both cell 
types actively proliferating and separated, at the interface, by a 
protein extracellular matrix, having the characteristic of a 
dermoepidermal junction . 
SUMMARY OF THE INVENTION 

The Applicant has therefore unexpectedly found the artificial human 
skin subject of the present invention which comprises: 

a) a microperf orated membrane based on a hysuLuronic acid derivative, 
on which keratinocytes have been seeded and cultured, 

b) an underlying non-woven tissue based on a hyaluronic acid 
derivative wherein fibroblasts have been seeded and left to 
proliferate . 

The artificial skin, subject of the present invention generally 
further comprises an extracellular protein matrix containing 
proteins of the dermo-epidermal jtmction, placed at the interface 
between keratinocytes and fibroblasts. 

Thanks to its biodegradability , which can also be a result of the 
receptor mechanism mentioned previously, the artificial human skin is 
spontaneously absorbed within a set time, leaving just the newly- 
formed tissue at the lesion site. 

Therefore the artificial human skin according to the present invention 
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can be advantageously used in medicine and in surgery. 
In addition the artificial human skin can be advantageously used as a 
vehicle for preparing controlled release medicaments containing at 
least one active principle selected from the group consisting of 
5 biologically active compounds, proteins, peptides and mixtures 
thereof, wherein said active principle is adsorbed to the fibres of 
the non-woven tissues and/or to the microperforated membrane. 
Moreover, it is possible to use artificial skin as a diagnostic device 
for in vitro tests to verify the possible toxic effect of products 
10 and/or substances destined to be placed in contact with the skin and 
to be used in the chemical, pharmaceutical, cosmetic and agricultural 
fields . 

The artificial skin can be also advantageously used in the cosmetic 
field in particular for hair graft. 
15 In fact dermal hair follicle fibroblasts can be used along with 
keratinocytes isolated from the same region in order to build up an 
organotypic culture showing features of the "in vivo" site of origin 
as described in "Human Hair Follicle Germinative Epidermal Cell 
Culture" 

20 Amanda J. Reynolds et al. Rapid Communication pp. 634-638, 

Lastly, a further advantage of the artificial human skin is that it 
can be frozen to -80*C or placed in liquid nitrogen and stored, so 
that a tissue bank can be created, thus enabling immediate grafts 
whenever and wherever needed, as the product can thus be constantly 

25 available, even in centres which are not specialized in dermoepidermal 
cultures. 

A further object of the present invention resides in the processes for 
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preparing said human artificial skin. 

In particular the first process comprises the following steps: 

i) seeding keratinocytes cultures at a density ranging from 1,000 to 
100.000 cell/cm^, on the microperf orated membranes and expanding the 

5 Kc on said membrane. The conventional culture technique involving the 
use of Foetal Calf Serum (FCS) is followed until partial or complete 
confluence is achieved, 

ii) cultivating the fibroblasts isolated from the dermis or from other 
districts by the usual techniques in DMEM containing 10% foetal calf 

10 serum, conditioning these fibroblasts to proliferate first by seeding 
them on plastic, and then seeding the fibroblasts in the non-woven 
tissue and continuing the culture until freezing, (in case the 
obtained artificial skin must be preserved) or until grafting, 

iii) laying the epithelial layer formed on the microperf orated 
15 membrane on the non-woven tissue colonized by fibroblasts, being 

careful that the outer edge of the microperforated membrane does not 
touch the bottom of the dish and that it extends slightly beyond the 
underlying non-woven tissue, 

iv) optionally fixing together tho epithelial cells layer on the 
20 microperforated membrane to the underlying non-woven tissue colonized 

by fibroblasts by means of biological adhesives selected from the 
group consisting of: collagen, fibrin, fibrin glue. 

v) adding a sufficient volume of the same medium used in step (i) , 
keeping the culture immersed so that the keratinocytes of the upper 

25 layer of the microperforated membrane are at the air-liquid interface, 
adding at the first and subsequent changes of medium, ascorbic acid 
at concentration equal to lyg/ml , continuing the culture until 
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grafting or freezing. 

It is known that keratinocytes can be cultivated in medium free from 
foetal calf serum and feeder-layer of murine fibroblasts, so the 
artificial skin, which is the subject of the present invention, can be 
obtained by the simultaneous seeding of human fibroblasts in the non- 
woven tissue and of keratinocytes on the membrane. In this case a 
"chemically defined" medium is used which is suitable, for 
keratinocyte growth. In this case the process comprises the 
following steps: 

i * ) seeding the fibroblasts in the non-woven tissue and continuing the 
culture until freezing or grafting, 

ii') laying the microperf orated membrane on the non-woven tissue, with 
its edges extending slightly beyond those of the underlying tissue 
and fixing said membrane with the biological adhesives used in the 
previous process or by mechanical means, 

iii') seeding the keratinocytes on the microperf orated membrane, 
expanding said keratinocytes by using said "chemically defined" 
medium, which is suitable for keratinocyte growth on plastic dishes 
until confluence is achieved, 

iv') adding a sufficient voltime of the medium used in the preceding 
step, keeping the culture immersed so that the keratinocytes of the 
upper layer of the microperforated membrane are on the air-liquid 
interface, adding at the first and subsequent changes of medium, 
ascorbic acid at concentration equal to lyg/ml, continuing the 
culture until grafting. 

The above processes according to the present invention comprise a 
further step consisting of cryopreserving said artificial skin 
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in the presence of a cryopreserving agent, when the skin must be 
preserved . 

BRIEF DESCRIPTION OF TOE FIGURES 

Fig, 1 shows Hematoxylin and Eosin staining of a 15-day-old composite 
5 dermal-epidermal culture. Kcs have migrated through the Laserskin^ 
membrane to the non-woven tissue, which is embedded with fibroblast 
cells (xlOO). 

Fig, 2 shows the immunohistochemistry of the composite culture probed 
with an antiinvolucrin antibody, the outer epithelial layer is 

10 undergoing keratinization (x 200) . 

Fig. 3 shows the inmiunohistochemistry of the composite culture probed 
with anti-KL4 (total keratin) antibody, a classic Kc marker (x 200). 
Fig. 4a shows the immunohistochemistry of the composite culture 
showing the p4 integrin subunits expression, predominantly found in 

15 the basal Kc cell layer (x 100) . 

Fig. 4b shows the immunohistochemistry of the composite culture 
showing the pi integrin subunit mainly expressed at the intercellular 
bridges joining the epithelial cells (x 100) . 

Fig. 5 shows the immunolocalization of basal Kcs expressing the CD44 
20 receptor (x 200) . 

Fig. 6 shows the immunohistochemistry of the composite culture showing 

the basement-membrane- like zone, as can be seen from the extent of 

laminin deposition (x 200). 

DETAILED DESCRIPTION OF THE INVENTION 
25 The epithelial layer is reconstructed by seeding human kc on a 

microperf orated membrane, prepared according to USP 5.326,356, which 

we incorporate by reference, while the human fibroblasts are 
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cultivated on a material known as non-woven tissue » as described in 
the International Patent Application No, WO 93/11803, which we 
incorporate herewith by reference. 

The hyaluronic acid derivative used for preparing both the 
5 microperf orated membrane and the non-woven fabric is preferably an 
ester of hyaluronic acid. Preferably these esters have a percentage of 
esterif ication comprised between 75% and 100%. By varying the 
percentage of esterif ication of the hyaluronic acid esters used, it 
is possible to control the degradation kinetics of the tissue support 
10 and, therefore, the length of time that the device can remain in situ. 
The preferred hyaluronic acid esters are the benzylesters of 
hycQuronic acid. 

The microperf orated membremes of hyaluronic benzylester are 
in particular already commercially available with the trademark 
1 5 Laser skii^^ 

Both fibroblasts and keratinocytes are of human origin or of a species 
which is compatible when grafted into humans. 

When both these kinds of cells are of human origin they can be 
heterologous, autologous or combinations of these two types. 
20 As previously pointed out the human artificial skin subject of the 
present invention can be advantageously used in medicine and 
surgery . 

In fact the final outcome of the wound healing process is considerably 
improved, with particular reference to cases of: 
25 1) deep, II and Ill-degree bums. 

2) various kinds of ulcer: diabetic, venous, bedsores; 

3) plastic surgery. 
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Indeed, a physiological covering for these kinds of lesions, albeit 
composed of heterologous cells, reduces the risk of infection or 
excessive loss of organic fluids. Moreover, the proliferating cells in 
the dermal bed secrete substances (still partly unknown) such as 
5 growth factors and cytokines, which accelerate the wound healing 
process . 

Moreover the skin according to the present invention can be used for 
the treatment of diseases characterized by melanine deficiency such as 
vitiligo. 

10 In this case the artificial human skin of the present invention 
contains a quota of melanocytes which can be grafted by means of the 
same skin to patients affected by vitiligo. 

The artificial human skin can in particular also be applied in 
genetic therapy, wherein the cells of a patient (kc, fibroblasts or 
15 both) are genetically modified, for example to correct congenital 
malformations and/or metabolic defects. 

When the human artificial skin according to the present invention is 
used as vehicling agent for preparing controlled release medicaments 
containing proteins, these are preferably growth factors, such as 

20 FGF (Fibroblast Growth Factors), TGF p( Trans forming Growth Factor 
P), KGF (Keratinocyte Growth Factor), NGF (Nerve Growth Factor), 
proteins involves in the clothing cascade such as Coagulation Factor 
VIII and others. Moreover, proteins of the extracellular matrix, such 
as Fibronectin, Laminin, Collagen can be adsorbed to the fibres of the 

25 non-woven tissue, to improve the cell attachment process. 

In the first process according to the present invention , in step (i) 
the seeding density of keratinocytes cells is preferably comprised 
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between 5,000 and 25,000 cells/cm^. 

The conventional technique used for expanding these keratinocytes and 
involving the use of foetal calf serum are basically those described 
by Rheinwald and Green (Cell, 6:331. 1975). In particular CEC culture 
medium is used (Green H. et al., J. Proc. Nation. Acad. Sci. 76:5665* 
1979) . in the presence of a "feeder-layer" of nonproliferating 3T3-J2 
murine fibroblasts . The mean confluence time is generally comprised 
between 7-12 days or 15-24 days from the initial setting up of the 
culture. 

In step (i') of the second process the commercially available medium 
called MCDB 153 (or others) is preferably used as "chemically 
defined" medium for expanding the keratinocyte cells. 

According to the present invention in both the processes primary or 
defrozen cultures of fibroblasts and keratinocytes can be used. 
The cryopreservation step used in both processes for preparing the 
artificial human skin, when the same must be preserved, is preferably 
carried out in the presence of dimethylsulf oxide or glycerol as 
cryopreserving agents. 

It is possible to demonstrate that in the artificial human skin 
according to the present invention kc migrate through the micropores 
in the membrane, to the upper part of the non-woven tissue in direct 
contact with the membrane, while the fibroblasts produce a 
considerable quantity of protein extracellular matrix. 
Of considerable interest is also the fact that kc embedded in the non- 
woven tissue and in contact with the fibroblasts, take on the 
appearance of epithelioid basal cells, expressing membrane markers 
typical of the cells in the basal layer of the epidermis. Of these, we 
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examined the expression of CD44 » and found that the protein is 
localized in the innermost basal layers of the composite and, above 
all, in the epithelial cells in direct contact with Hyaff 11 (benzyl 
ester of HA) , both in the form of non-woven tissue and in the form of 
5 microperf orated membranes. This suggests that, besides acting as a 
support for the cells, the biomaterial also interacts with the cells 
which adhere to it. 

Lastly, it is possible to observe the production of specific proteins 
of the dermoepidermal junction (laminin, collagen, types III, IV and 
10 VII), while on the "dermal" side there is abundant production of the 
extracellular matrix, shown by specific staining and 
immunohistological methods (see example 1). 

For purely indicative purposes, and without being limited by the same, 
we report here some examples characterising the new- formed tissue. 
15 Example 1 

A piece of non-woven tissue (1.5 x 1.5 cm) constituted by Hyaff 11 
(benzyl ester of HA) is laid on the bottom of a culture dish and fixed 
in place at the four corners with fibrin glue. Primary human 
fibroblasts are seeded on the non-woven tissue (0.1 x 10^ cells in 0.2 

20 ml of medium) slowly soaking the non-woven tissue. The dish is covered 
and left to stand for about 30 minutes under a sterile hood, after 
which the volume is brought to 2 ml with DMEM containing 10% PCS and 
the dish is incubated at 37*C in an atmosphere of 5% C02- 
Human kc between the II and IV culture passages are seeded on a 

25 Laserskin membrane measuring 5x5 cm^ (Andreassi et al . Wounds 
3:116, 1991)- The kc can be cultivated in CEC medium (Rheiwald and 
Green, Cell, 6:331t 1975) in the presence or in the absence of a 
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feeder-layer but using a chemically defined medium (Andreassi et al. 
Wounds, 3^116, 1991)* Both in fibroblast cultures and in kc cultures, 
the relative media are changed every 48-72 hours. 

Once a well-stratified epithelial layer has been formed, the 
5 Laserskir^ membrane is cut with a scalpel in sterile conditions, into 
pieces measuring 1.5 x 1.5 cm. The fibroblast culture on the non-woven 
tissue is laid on a sterile steel net (about 3 nmi high); this is then 
placed in a Petri dish measuring 6 cm in diameter. The epithelial 
layer is laid on the non-woven tissue, taking care that no air bubbles 
10 are trapped in the interface between the two materials (in the example 
reported here, no adhesives were used to fix the epithelioid membrane 
to the non-woven tissue) . 

A medium such as CEC or MCDB 153, suitable for kc growth, is added in 
a volume which brings the level of the liquid to just below the upper 
15 surface of the epithelial layer, but completely soaking the non-woven 
tissue . 

The medium is changed every 72 hours. The first change of medium is 
supplemented with ascorbic acid (1 pg/ml). to favour the production of 
the extracellular matrix. The emergence of the culture is to mimic 

20 physiological skin conditions by stimulating complete differentiation 
of the epithelial cells, as amply reported in the literature 
(Prunieras et al., J. Invest. Dermatol., 81: 280, 1983: Bernstam et 
al. in vitTO Cell. Biol., 22: 695. 1986). The culture is maintained 
for Ik days, during which time it is observed by phase- contrast 

25 microscopy to check that the epithelial layer expands beyond the edges 
of the membrane. The material's opacity makes any further observation 
difficult. At the end of the culture time, the composite material is 
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cut in half with a scalpel, being careful to maintain its structure. 
One half is treated by traditional histological techniques 
(hematoxylin-eosin staining) , while the other half is immersed in OCT 
(medium for the cryopreservation of tissues. Milestones, USA), frozen 
5 in liquid nitrogen and then stored at -80*C, The latter is cut into 6 
\im thick slices with a cryostat. The slices are used for 
immunohistochemical investigation, using antibodies against the 
markers of the differentiation status of the kc, of the dermal- 
epidermal junction and of the extracellular matrix. 

10 Results of histological hematoxylin-eosin staining 

Figure 1 (xlOO) shows a well stratified epithelium over a 
microperf orated Laserskin membrane. The upper and outer layer is 
undergoing keratinization . The kc appear to be well distributed on the 
underside of the membrane, and to have colonized the underlying 

15 nonwoven tissue to a considerable extent. The epithelial layer is very 
compact with a variable thickness which is never less than 10-15 
cells. The dividing line between the layer of epithelial cells and 
underlying fibroblasts can be seen clearly. The cross-sections of 
fibres from the non-woven tissue are also clearly visible, as is the 

20 Laserskii(^microperf orated membrane. 
Immunohi s tochemic al char ac ter i z at ion 

Studies on the tissue markers were conducted with the following 
antibodies : 

1) anti-keratin antibody KLk (Dermatology Department, Immacolata, 
25 Rome) 

2) anti-involucrin polyclonal antibody (Dermatology Department, 
Immacolata, Rome) 
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3) anti-hviman integrin monoclonal antibody p4 (Dermatology Department, 
Immacolata^ Rome) 

4) anti-human integrin monoclonal antibody pi (Dermatology Department, 
Immaco lata , Rome ) 

5 5) anti-human CD44 monoclonal antibody (Prof, Abatangelo, Department 
of Histology and Embryology of the University of Padua) 

6) anti-collagen polyclonal antibody III (Chemicon, CA USA) 

7) anti-collagen polyclonal antibody IV (Sigma) 

8) anti-laminin polyclonal antibody (Sigma) 

10 9) anti-fibronectin polyclonal antibody (Sigma) 
Immunohistological investigation reveals that: 

a) the outer epithelial layer is well differentiated and undergoing 
keratinization, as the immunopositivity to involucrin is very marked 
(fig, 2, x200). 

15 b) the compact cell layer on the upper side of the non-woven tissue is 
constituted by kc, since the response to cytokeratin is very strong 
here compared to the underlying fibroblastic component (Fig. 3. x200) ; 
c) the subunits p4 and pi of the integrins are present in what is 
essentially a basal layer of the newly-formed tissue. These subunits, 

20 and especially p4 , are expressed in the epidermis, at the level of the 
basement membrane, in the structures anchoring the membrane to the 
underlying dermis (hemidesmosomes) . In the "artificial skin" depicted 
here, the positive p4 cells (Fig. 4a xlOO) express the protein 
predominantly in the basal part, while the integrin pi is expressed in 

25 the intercellular bridges joining the kc (Fig. 4b, xlOO). The 
observations reported here constitute an important indication of the 
correct "polarization" of the newly formed epidermis. 
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d) The kc in direct contact with the fibers of the non-woven tissue, 
like the cells in contact with the top and underside of the 
Laserskii^ , show a marked inununopositivity to (Fig, 5, x200) . It 
is thought that this represents a singular feature of the composite 

5 culture described here: indeed, CD44 can mediate cell adhesion to the 
material (constituted by modified hyaluronic acid), and likewise its 
degradation . 

e) In the basement membrane, and therefore also the dermoepidermal 
junction, a typical extracellular matrix can be observed, the 

10 components of which are mainly produced by the basal kc resident in 
the area. Characteristic markers are therefore laminin and collagen 
types IV and VII. Confirmation of these observations is given by the 
fact that the three components are expressed in the interposition 
between the basal layer of the kc embedded in the non-woven tissue and 

15 the underlying fibroblasts. In particular, the extent of the response 
to laminin (Fig. 6, x200) is focalized on that which can be considered 
an "artificial basement membrane". 

f) Lastly, on the side of the dermis, a strong iimnunopositivity to 
fibronectin can be found. Fibronectin is a protein of the matrix 

20 produced by the fibroblasts which are obviously abundant in the 
dermis. The lack of response in the epidermal layer again indicated 
that the formation of a well-structured dermal tissue with the typical 
natural skin structure has been artificially induced. 
Example 2 

25 In order to demonstrate the possibility of cryopreserving the 
artificial skin thus produced, the dermal-epidermal cultures are 
frozen in the presence of a cryopreserving agent such as 
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dimethyl sulfoxide (DMSO) , according to the usual technique. In short, 
the culture is lifted and placed on a petri dish measuring 10 cm in 
diameter and containing 20 ml of freezing medium for {^5% DMEM, 45% 
FCS, 10% DMSO) cooled to 4"C. It is left to reach equilibrium for 
5 about 5 minutes, then the dish is brought to a temperature of -80'C by 
a process of continuous freezing at a rate of -l*C/min. , starting from 

After one week the "artificial skin" is defrozen, warmed rapidly to 
37 'C and the culture is repeatedly washed with DMEM containing 10% 
10 FCS, to completely eliminate any residue DMSO. It is left to stand in 
an incubator at 37 'C for 24 hours (in an atmosphere of 5% CO2) ^ after 
which the tissue undergoes the histological and immunohistological 
examination described in Example 1. 
Results 

15 No significant morphological and/or structural alterations were 
observed in the material, compared to before freezing. 

These results indicate that the artificial skin described herein can 
be used to constitute "tissue banks", thanks to its resistance to 
freezing. 
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CLAIMS 

1 1. Artificial human skin comprising: 

2 a) a microperf orated membrane based on a hyaluronic acid derivative, 

3 on which keratinocytes have been seeded and cultured, 

4 b) an underlying non-woven tissue based on a hyaluronic acid 

5 derivative wherein fibroblasts have been seeded and left to 

6 proliferate. 

1 2. The artificial human skin according to claim 1 further comprising 

2 an extracellular protein matrix, containing proteins of the 

3 dermoepidermal juntion placed at the interface between fibroblasts and 

4 keratinocytes cells. 

1 3' The artificial human skin according to one of the claims 1 and 2 

2 wherein said hyaluronic acid derivative used for preparing both the 

3 microperf orated membrane and the non- woven tissue is an ester of 

4 hyaluronic acid. 

1 ^. The artificial human skin according to claim 3 wherein said 

2 hyaluronic acid ester has a percentage of esterification comprised 

3 between 75% and 100%. 

1 5. The artificial human skin according to claims 3 and k wherein said 

2 ester is the hyaluronic benzyl ester. 

1 6. The artificial human skin according to one of the claims l-p, for 

2 use in medicine and in surgery. 

1 7. The artificial human skin according to claim 6 for use on deep, II 

2 and Ill-degree bums, for use on various kinds of ulcer selected from 

3 the group consisting of: diabetic, venous, bedsores, for use in 
h plastic surgery and for use in diseases characterized by melanine 

5 deficiency. 
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1 8. The artificial human skin according to claim 6 for use in genetic 

2 therapy, to correct genetic malformations and/or metabolic diseases. 

1 9. The artificial skin according to one of claims 1-5, as a diagnostic 

2 device for in vitro tests to verify the possible toxic effect of 

3 products and/or substances destined to be placed in contact with the 
A skin and to be used in the chemical, pharmaceutical, cosmetic or 
5 agricultural fields, 

1 10. The artificial skin according to one of the claims 1-5 for use in 

2 the cosmetic field for hair grafts. 

1 11. A controlled release medicament containing the artificial human 

2 skin according to one of claims 1-5. as the vehicling agent, said 

3 medicament containing at least one active principle selected from the 

4 group consisting of biologically active compounds, proteins 

5 peptides and mixture thereof, wherein said active principle is 

6 adsorbed to the fibres of the non-woven tissues and/or to the 

7 microperf orated membrane. 

1 12. The controlled release medicament according to claim 11 wherein 

2 said proteins are growth factors, selected from the group consisting 

3 of Fibroblast Growth Factors .Transforming Growth Factor 

4 Keratinocyte Growth Factor, Nerve Growth Factor, or proteins of the 

5 extracellular matrix selected from the group consisting of 

6 Fibronectin, Laminin, Collagen, or proteins involved in the clotting 

7 cascade. 

1 13. The controlled release medicament according to claim 12 wherein 

2 said proteins of the extracellular matrix are absorbed to the fibres 

3 of the extracellular matrix. 

1 14 . A process for preparing the artificial human skin according to one 
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2 of claims 1-5 comprising the following steps : 

3 i) seeding keratinocytes cultures at a density ranging from 1,000 to 
^ 100,000 cell/cm^, on a mi croperf orated membrane based on a hyaluronic 

5 acid derivative and expanding said Kc on said membrane according to 

6 conventional techniques involving the use of foetal calf serum, 

7 until achieving partial or complete confluence, 

8 ii) cultivating the fibroblasts isolated from the dermis or from other 

9 districts by the usual techniques in DMEM containing 10?! foetal calf 

10 serum, conditioning these fibroblasts to proliferate by seeding on 

11 plastic, seeding the fibroblasts in the non-woven tissue and 

12 continuing the culture until freezing, (in case the obtained 

13 artificial skin must be preserved) or until grafting. 

Ik iii) laying the epithelial layer already formed on the non-woven 

15 tissue colonized by fibroblasts, being careful that the outer edge of 

16 the microperforated membrane does not touch the bottom of the dish and 

17 that it extends slightly beyond the underlying non-woven tissue, 

18 iv) optionally fixing together the epithelial cells layer on the 

19 microperforated membrane to the underlying non-woven tissue colonized 

20 by fibroblasts by means of biological adhyesives selected from the 

21 group consisting of: collagen, fibrin, fibrin glue. 

22 v) adding a sufficient volume of the same medium used in step (i), 

23 keeping the culture immersed so that the keratinocytes of the upper 
2k layer of the microperforated membrane are on the air-liquid interface, 

25 adding at the first and subsequent changes of medium, ascorbic acid 

26 at concentration equal to Ipg/ml, continuing the culture unitil graft 

27 or freezing. 

1 15. The process according to claim Ik wherein in step (i) the seeding 
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2 density of keratinocytes cells is comprised between 5,000 and 25,000 

3 cells/cm , and the cells are expanded in CEC culture medium, in the 
i| presence of a "feeder-layer" of nonprolif erating 3T3-murine 
5 fibroblasts . 

1 16. A process for preparing an artificial human skin according to one 

2 of the claims 1-5 comprising the following steps: 

3 i*) seeding the fibroblasts in the non-woven tissue and continuing the 

4 culture until freezing or grafting, 

5 iiM laying the microperf orated membrane on the non-woven tissue, with 

6 its edges extending slightly beyond those of the underlying tissue 

7 and fixing said membrane with the biological adhesives used in the 

8 previous process or by mechanical means, 

9 iii * ) seeding the keratinocytes on the microperf orated membranes , 

10 expanding said keratynocytes by using said "chemically defined" 

11 medium, which is suitable for keratinocyte growth on plastic dishes 

12 until achieving confluence, 

13 iv') adding a sufficient volume of the same medium used in the 

14 preceding step, the culture inmiersed so that the keratinocytes of 

15 the upper layer of the microperforated membrane are on the air-liquid 

16 interface, adding at the first and subsequent changes of medium, 

17 ascorbic acid at concentration equal to lyg/ml, continuing the 

18 culture until grafting. 

1 17. The process according to one of the claims Ik and 15* or the 

2 process according to claim 16, wherein, when the skin must be 

3 preserved, it further comprises the step of cryopreservation said 

4 artificial skin in the presence of a cryopreservation agent. 

1 18. The process according to one of the claims l4 and 15 1 or the 
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2 process according to claim 16, wherein fibroblasts and keratinocytes 

3 come from primary cultures or from frozen stocks. 
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